2006; Saxe et al., 2007) . Thus, the contribution of neurogenesis in the adult hippocampus to behavior remains a controversial topic.
Can loss-of-function mutations in DISC1 account for the schizophrenia phenotype by accelerating the normal maturation of adult-born neurons? Given that DISC1 regulates maturation of neurons generated during early development as well as in adulthood, the anatomical sequelae of DISC1 mutations are likely to be more pronounced during early development, when neurogenesis is more prevalent. Thus, the prevailing view of the etiology of schizophrenia as a developmental disorder hypothesizes that there are early defects in cortical neurogenesis (Ross et al., 2006) . A migratory deficit during early development would also be easier to reconcile with the fact that the pathology associated with schizophrenia is not restricted to the hippocampus. Dilated ventricles, decreased volume of the prefrontal cortex, loss of inhibitory interneuron subtypes, and evidence of synaptic dysfunction have all been reported in the illness.
Although current evidence links early development to schizophrenia, a role for adult-born neurons in the pathophysiology of schizophrenia is an intriguing new hypothesis. Future behavioral experiments with pharmacological validation will inform whether adult neurogenesis is also involved in the pathophysiology of schizophrenia. The behavioral sequelae of DISC1 mutations have thus far been explored only with developmental interventions in rodents. A recent provocative study reported that two mutations in different regions of the DISC1 gene can produce very different behavioral phenotypes (Clapcote et al., 2007) . One mutation led mice to exhibit schizophrenia-like phenotypes that were reversible by treatment with antipsychotics but not antidepressants. The other mutation resulted in helpless behaviors that were reversed by treatment with antidepressants but not antipsychotics. Similar behavioral analysis following manipulation of postnatal neurogenesis and DISC1 function are needed to support the speculation that DISC1 could contribute to schizophrenia by regulating the maturation of adult-born neurons.
Initiation of protein synthesis in prokaryotes depends on the precise positioning of the unfolded mRNA in the active site of the small (30S) ribosomal subunit. In translation initiation complexes, the ShineDalgarno sequence (SD), which is located in the 5′ untranslated region (5′ UTR) of most mRNAs, base pairs to the 3′ end of the small subunit 16S rRNA. In addition, the mRNA start codon base pairs to the anticodon of the initiator tRNA (Boelens and Gualerzi, 2002 Protein synthesis is often regulated by structured mRNAs that interact with ribosomes. In this issue of Cell, Marzi et al. (2007) provide insights into the autoregulation of protein S15 by visualizing the folded repressor mRNA on the ribosome stalled in the preinitiation state. These results have implications for our understanding of the mechanism of translation initiation in general.
vicinity of the translation initiation site represent a particularly efficient mechanism for regulating protein synthesis. The 5′ UTR of many bacterial mRNAs contain secondary structure elements that bind metabolites, small RNAs, or protein factors to modulate translation (Schlax and Worhunsky, 2003) . These regions of structured mRNA repress translation either by competing with the ribosome for the ribosomal binding site on the mRNA or by stalling the 30S ribosomal subunit in an unproductive preinitiation complex with mRNA. These modes of action are referred to as the displacement mechanism and the entrapment mechanism, respectively ( Figure 1 ). The ribosomal protein S15 from Escherichia coli represses the translation of its own rpsO mRNA by the entrapment mechanism (Schlax and Worhunsky, 2003) (Figure 1B) . In this issue, Marzi et al. (2007) use cryo-electron microscopy (cryo-EM) to provide insights into the structure of the stalled "preinitiation" ribosomal complex containing the structured 5′ UTR region of this mRNA in complex with the repressor protein S15 bound to the platform of the 30S ribosomal subunit ( Figure 1B, inset) . Interestingly, in this complex, the complementary base pairing interactions are formed between the SD sequence of the mRNA and the small subunit rRNA. Nevertheless, the ribosome is stalled because the start codon is buried in the pseudoknot structure of the mRNA and is thus inaccessible for binding to the initiator tRNA. In the absence of protein S15, the mRNA pseudoknot also engages the ribosome but is then able to unfold, making the start codon accessible. The structure of the stalled initiation complex reveals an extensive network of interactions between the mRNA: S15 complex and numerous ribosomal proteins belonging to the platform and head regions of the small ribosomal subunit. Marzi et al. (2007) suggest that this structure mimics the initial docking interactions that occur between structured mRNAs and the small ribosomal subunit before SD interactions are established to form a stable initiation complex. These initial interactions between the mRNAs and the small ribosomal subunit have been described on the basis of kinetic and fluorescence energy transfer experiments and termed "stand-by sites" (Studer and Joseph, 2006) . (It should be noted that the term "stand-by site" is also used to describe a certain conformation of the SD sequence in the preinitiation state.) It is expected that this initial docking precedes mRNA unfolding, the formation of the SD interactions, and positioning of the start codon. Nevertheless, the stalling interactions (Schlax and Worhunsky, 2003) . The ThrRS protein competes with the ribosome for binding to the translation initiation site of its own thrS mRNA 5′ untranslated region. (B) The entrapment mechanism is exemplified by E. coli ribosomal protein S15, which represses the translation of its own rpsO mRNA. Two conformations of rpsO mRNA exist in equilibrium. The pseudoknot is bound by the small ribosomal subunit (30S) by base pairing with the Shine-Dalgarno sequence (SD, blue) in the preinitiation complex (Marzi et al., 2007) . In the absence of S15 protein, the pseudoknot is rapidly unwound resulting in the formation of a productive initiation complex with the AUG start codon (red) base-paired to tRNAfMet in the P site. When S15 protein is present in excess it binds and stabilizes the mRNA pseudoknot trapping the ribosome in the preinitiation stage. (Inset) Cryo-EM structure of the stalled preinitiation complex. The repressor protein S15 (green) binds in complex with its own rpsO mRNA (black) to the platform of the 30S ribosomal subunit (yellow). The region of the AUG start codon and the SD sequence are highlighted in red and blue respectively. between the rpsO mRNA and the ribosome already involve complementary SD interactions, which is generally not the case during the formation of initial stand-by interactions. Based on the structure of the rpsO repressor complex Marzi et al. (2007) compare the binding sites of mRNA sequences in the 5′ UTRs in recent structures of translation initiation complexes of prokaryotes and eukaryotes and propose that a conserved "platform binding center" on the ribosome is formed by ribosomal proteins S2, S7, S11, and RNA helices 26 and 40.
The 30S platform is clearly the foremost binding site of bacterial mRNA in the initiation complex as it harbors the anti-SD sequence that base pairs with the SD sequence of the mRNA. To get an understanding of the whole network of mRNA ribosome interactions during the initiation stage, it is useful to relate the structure obtained by Marzi et al. (2007) to other recent structural data obtained in the field. Crystal structures of the ribosome in complex with the SD sequence oligonucleotides, might resemble the "preinitiation" complex on less structured mRNAs (Yusupova et al., 2006) . In these structures the SD-anti-SD helix is positioned in a grove on the 30S platform that includes ribosomal proteins S2, S11, and S18. Furthermore, structures of ribosomes containing mRNA with a poly(U) tail show interactions of the tail with protein S18 in the initiation state (Yusupova et al., 2006) . Finally, the structure of the thrS mRNA ribosome complex reveals an mRNA in the final stage of initiation (Jenner et al., 2005) . The thrS mRNA harbors a pseudoknot that is recognized by its own translation product threonyltRNA synthetase to block the interactions with the small ribosomal subunit by the displacement mechanism ( Figure 1A ). In this structure the mRNA pseudoknot contacts proteins S11 and S18 and helix 40 of the 16S rRNA. In addition, a three dimensional reconstruction of the bacterial initiation complex assembled in the presence of initiation factors has been obtained by cryo-EM (Allen et al., 2005) . In this case Marzi et al. suggests after re-examination of the density reported by Allen and colleagues that an mRNA hairpin located in the 5′ UTR interacts with the platform of the 30S subunit in the vicinity of protein S2.
The analysis of mRNA binding sites can be extended to eukaryotic mRNAs in the special case of translation initiation mediated by internal ribosome entry site (IRES) sequences. In the case of the IRES sequences of hepatitis C virus (HCV) and cricket paralysis virus (CrPV), the binding to the small subunit and positioning of the start codon is mediated exclusively by the mRNA (Boehringer et al., 2005; Schüler et al., 2006) . This is in contrast to canonical translation initiation in eukaryotes, in which initiation factors mediate binding of the small ribosomal subunit to the mRNA in the vicinity of the 5′ cap and scanning for the start codon. The cryo-EM structure shows that the HCV IRES is bound to the platform of the 40S subunit including interactions with protein S14e, an S11p homolog, in addition to contacts to the 40S head and body. However, the CrPV IRES is located in the inter-subunit space between the head and body of the 40S subunit. This difference in structure might be due to the different mechanism of translation initiation by the CrPV IRES, which occurs even in the absence of initiation factors and initiator tRNA. The only contacts shared with the HCV IRES outside the mRNA binding cleft occur at protein S5e, an S7p homolog. All these structures highlight the importance of the platform region in the initiation of translation; however, the different nature of the mRNA substrates makes it difficult to put the observed contacts into a unified functional context. Marzi et al. (2007) point out that conserved patches of amino acids can be found on ribosomal proteins S2, S7 and S11 close to the interaction sites of the rpsO mRNA pseudoknot and many mRNA elements mentioned above. These residues may represent conserved contact points of 5′ UTRs with ribosomes. However, the high degree of conservation is surprising in this context given the diverse nature of mRNA elements interacting with the platform. Conservation of these residues may be required for the interaction with other ribosome associated factors involved in mRNA binding or biogenesis as suggested by recent cryo-EM derived-structures of Era and S1 bound to the ribosome (Sharma et al., 2005) .
The results of Marzi et al. (2007) provide exciting structural insight in the initial binding of mRNA to the ribosome during the formation of the initiation complex. These findings illuminate the mechanism of repression of protein synthesis by the S15 protein and further our understanding of the process of translation initiation.
